Introduction
In the field of bone graft, bioceramic substitute materials combine biocompatibility (sometimes also bioactivity) and resorption, but their low strength limits their application to defects in non-load-bearing, mechanically stable bone. Calcium phosphates (CaPs) have been studied as bone repair materials for years and have become a component of many commercial products. Traditional high-temperature calcium phosphates such as hydroxyapatite (HA), β-tricalcium phosphate (β-TCP), and α-tricalcium phosphate (α-TCP), as well as low-temperature calcium phosphate bone cements (CPCs) with improved surgical handling properties belong to the group of bioactive ceramics, which bond directly to the bone [1] . In recent years, many investigations have concentrated on calcium phosphate cements. CPCs are obtained by mixing one or several active calcium phosphate powders with an aqueous solution to form a paste that hardens within a restricted period of time (e.g. 15 min). These materials may be classified into two categories: apatite cements, whereby the final product of the setting reaction is HA, and brushite cements, whereby brushite (dicalcium phosphate dihydrate, DCPD) is formed. In vivo, brushite is converted into hydroxyapatite. Two types of setting reactions may be distinguished for CPCs: acid-base reactions and/or fast hydrolysis of a metastable calcium phosphate phase into HA, which is associated with larger or smaller pH variations of the paste during setting. The main difference between the cements after the setting reaction lies in the Ca : P molar ratio, presence of impurities (e.g. carbonate groups), cement porosity and crystal size of HA or other crystalline phases [2] .
Among calcium phosphates, those used as substrates for bone cement preparation that have the most potential are MCPM (monocalcium phosphate monohydrate), TTCP (tetracalcium phosphate), DCP (dicalcium phosphate anhydrite), β-TCP, and α-TCP. Cements based on amorphous calcium phosphate (ACP) use mechanically activated CaPs powders.
Though there are numerous scientific studies on CPCs, there is still an ongoing need for better understanding of the physical, chemical, and biological properties of these implant materials [3] . Calcium carbonate cements are also a subject of intensive studies [4] . Bioactive composite bone cements based on β-TCP-MPCM-C 3 S (tricalcium silicate) [5] or TTCP-DCPD-CSD (calcium sulfate dihydrate) [6] are reported to have significant clinical advantages. Novel magnesium phosphate cements (MPCs) with high early strength and antibacterial properties were developed by Mestres and Ginebra [7] .
Solution-mediated surface reactions occur for most calcium phosphate-based biomaterials and will influence cellular response, as well as in vitro behavior of biologically active ceramics. For any in vitro studies, special attention should be paid to the influence of the chemical composition of the culture medium. Different cellular responses to the material could possibly be induced by the use of different culture media. In vivo solubility and degradation leading to ion release and pH changes may be responsible for the state of cytocompatibility of cement materials. Changes in the ionic culture environment, especially with respect to calcium, magnesium, and phosphate ions, significantly affect the activity of bone cells and mesenchymal stem cells. Ion reactivity is highly dependent on the chemical composition of the aqueous environment and the time of exposure [8] . Malafaya and Reis [9] demonstrated unexpected cytotoxic effect of composite materials produced with unsintered HA. They suggested that critically low concentration of Ca 2+ and Mg 2+ ions found in the extracts might inhibit the activation of integrins thereby affecting cell adhesion and viability. This unfavorable effect has been overcome by using sintered hydroxyapatite. The influence of calcium ions on cell survival and proliferation in alginate hydrogel was studied by Cao et al. [10] .
The aim of our study was to better understand the influence of Ca 2+ , Mg 2+ , and HPO 4 2-concentration changes in the cell culture medium on the cells in contact with extracts, obtained as a result of material immersion in a complete culture medium.
Experimental Procedures

Biomaterials production
In the presented work, six different cement-type biomaterials were tested: SH, HMPM, HCM, KMC-C, TC-C and TC-MP. 
Preparation of samples
Samples for in vitro studies were obtained by mixing the powder and liquid components, presented in the Table 1 , to produce mouldable pastes. The liquid to powder ratios (L : P) used for preparation of the cement samples were as follows: SH -0.33, HMPM -0.44, KMC-M -0.54, and in the case of HCM, TC-C and TC-MP materials -0.48. Afterwards, the pastes were introduced onto teflon moulds and allowed to set and harden to produce cylindrical samples (2 mm in height and 6 mm in diameter).
Phase composition characterization
Phase composition of the biomaterials was characterized with the X-ray diffraction method using Philips diffractometer, X'Pert Pro with Cu Kα radiation. Measurements were performed within the range of 10-90º and with the scanning speed of 10º min -1 . Phase quantification was performed according to the Rietveld method.
Porosity evaluation
Porosity and pore size distribution were examined on a mercury intrusion porosimeter (MIP) (AutoPore Porosimeter, Micromeritics), which allows for detection of pores in the range 360 -0.003 µm. Dried cement samples were placed in the sample cups of the mercury penetrometers which were then put in the porosimeter. Measurements were performed using low follow by high pressure ports. Since mercury does not spontaneously penetrate pores, it needs to be forced into the voids by external pressure, which is inversely proportional to the pore size. As pressure increases, mercury fills the sample cup and intrudes into the sample pores, starting with those of the largest diameter. Open porosity of the samples was calculated using equation 1:
P=d·V Hg ·100%
( 1) where d -is the apparent density of the sample and V Hg, -the total mercury intrusion volume per gram. 
Reagents and materials for in vitro experiments
Short-term ion reactivity assessment
Before the experiment, the biomaterials were immersed in a complete culture medium (DMEM/F12 supplemented with 100 U mL -1 penicillin, 100 μg mL -1 streptomycin and 300 µg mL -1 G 418) without FBS and preincubated for 12 hours at 37ºC in a humidified atmosphere of 5% CO 2 and 95% air. Subsequently, the biomaterials were immersed in the complete culture medium supplemented with 2% FBS and incubated at 37ºC for 24 hours. The ratio between sample weight and the volume of the extraction vehicle was 0.1 g mL -1 greater than the absorptive capacity of the biomaterial. Culture medium incubated at 37ºC without test material served as a control. Extracts were prepared according to ISO 10993-5 [12] . After 0.5, 1, 2, 4, 6, and 24 hours of incubation at 37ºC, the samples were collected to assess magnesium, calcium and phosphate ion concentrations. The ion concentrations in the samples were measured using appropriate colorimetric detection kits. The prepared 24-hour extracts were subjected to in vitro cytotoxicity tests.
The short-term experiment was repeated in two separate measurements.
Long-term ion reactivity assessment
The preincubation step of the experiment was carried out as described above (short-term experiment). The test materials were then immersed in the complete culture medium supplemented with 10% FBS and in osteogenic culture medium (supplemented with 10% FBS, ascorbic acid, β-glycerophosphate and dexamethasone). The osteogenic medium was used in order to investigate the influence of osteogenic supplements on the ion reactivity of the obtained biomaterials. The ratio between sample weight and the volume of the extraction vehicle was 0.1 g mL -1 greater than the absorptive capacity of the biomaterial. The samples were incubated for 20 days at 37ºC in a humidified atmosphere of 5% CO 2 and 95% air. The extraction vehicle with no test material served as a control. Ion concentrations were measured using ion detection kits every second day. After each ion measurement, the culture medium was renewed. Medium renewal was essential to simulate the conditions applied in long-term cell culture experiments.
The long-term experiment was repeated in two separate measurements.
Evaluation of cytotoxicity
An experiment was carried out using hFOB 1.19 cell line (human fetal osteoblasts) obtained from ATCC (American Type Culture Collection, England, UK). The cells were cultured in a 1:1 mixture of DMEM/Ham F12 medium without phenol red, supplemented with 10% FBS, 300 μg mL -1 G418, 100 U mL -1 penicillin, 100 μg mL -1 streptomycin and maintained at 34ºC in a humidified atmosphere of 5% CO 2 and 95% air.
The cytotoxicity of biomaterials was evaluated indirectly by means of fluid extracts obtained in the short-term experiment. Briefly, cells were seeded in 96-multiwell plates in 100 μl of the complete culture medium at a concentration of 1.5 x 10 4 cells well -1 and cultured for 24 hours at 34ºC to near confluence. The growth medium was then replaced with appropriate extracts. Cells cultured in the control medium (incubated in the same standard conditions as extracts) served as a control. After 24, 48, and 72 hours of incubation at 34ºC, MTT and NRU colorimetric assays were performed to evaluate cell viability. The results were expressed as the percentage of OD values obtained with the control cells. The cytotoxicity tests were repeated in three separate experiments.
NRU (Neutral Red Uptake) assay
The NRU test examines the cell ability to incorporate neutral red dye into lysosomes. Cytotoxic agents that damage cell membranes or interfere with endocytosis process will decrease the cell's ability to take up neutral red.
The NRU test was performed to estimate the cytotoxic effect of the extracts on hFOB 1.19 cells after a 24-, 48-, and 72-hour exposure. After incubation, the extracts were removed, cell layers were rinsed with the PBS buffer and 100 µl of neutral red working solution per well were added (50 µg mL -1 prepared in DMEM/F12). The plates were then returned to the 34ºC incubator for 3 hours. After that, the neutral red solution was removed, cell layers were rinsed twice with PBS and 100 µl well -1 of solvent (1% glacial acetic acid / 50% ethanol / 49% distilled water) was added. The plates were agitated for 20 minutes and absorbance was measured at 540 nm using a microplate reader (Biotek ELx50).
MTT (thiazolyl blue tetrazolium bromide) assay
The MTT test can estimate cell metabolic activity by the tetrazolium intracellular reduction and formazan formation, which is proportional to the number of viable cells with active mitochondrial dehydrogenases.
For the MTT test, hFOB 1.19 cells were cultured as described above. After 24, 48, and 72 hours of incubation with the extracts, the MTT test was performed to estimate cell metabolic activity. After exposure, 25 µl of the MTT solution per well (5 mg mL -1 in the PBS buffer) were added and the plates were returned to the 34ºC incubator for 3 hours. Formazan crystals formed in live cells were dissolved by adding 100 μl well -1 of the SDS/HCl solution (10% SDS prepared in 0.01 mol L -1 HCl). After 12 hours of incubation, absorbance was measured at 570 nm using microplate reader (Biotek ELx50).
Statistical analysis
The results were expressed as mean values ± standard deviation (SD) for each group of samples. The one-way ANOVA test followed by Tukey's multiple comparison test was performed to assess statistical differences among groups. Statistical significance was determined at a probability of P < 0.05 (GraphPad Prism 5, Version 5.03 Software).
Results
Phase composition characterization
XRD measurements revealed that HCM consisted of two major phases, namely HA and struvite (NH 4 MgPO 4 ·6H 2 O), and two minor phases: CSD (Ca 2 SO 4 ·2H 2 O) and brushite (CaHPO 4 ·2H 2 O). KMC-C and HMPM were biphasic materials, consisting of hydroxyapatite and calcium sulfate dihydrate (CSD) or a struvite phase, respectively. The TC-C and TC-MP materials were monophasic, 4 weeks after setting and hardening, and were composed only of hydroxyapatite ( Table 2) . SH is commercial apatitic bone cement; however, according to Hannink et al. [13] , even 52 weeks after setting it does not fully convert into hydroxyapatite and includes TTCP and DCPD in addition to the main HA phase.
Porosity evaluation
The developed cements differed in open porosity, ranging from 18% (for HMPM) to 46% (for KMC-C). All obtained materials possessed a bimodal pore size distribution with pore sizes in the range of 6 nm to 1.6 µm. The smallest pore diameters (lower than 0.48 µm) characterized the TC-C and TC-MP materials. The widest range of pore sizes was reported for SH (from 17 nm to 1.6 μm). The results of porosity evaluation are presented in Table 3 .
Short-term ion reactivity assessment
Biomaterials marked as SH, TC-C and TC-MP caused gradual sorption of Mg 2+ ions from the DMEM/F12 medium within the time of incubation (Figure 1a) . We observed statistically significant desorption of Mg Table 4 .
Long-term ion reactivity assessment
Biomaterials marked as HMPM, HCM, and KMC-C released large amounts of Mg 2+ ions throughout the full length of the experiment to both types of media (with 10% FBS and osteogenic medium) (Figure 2a  and 2b) . KMC-C acted similarly in both types of media and released Mg 2+ ions at a constant level throughout the duration of the experiment. The HMPM biomaterial caused different ion concentration changes, depending on the type of medium. The Mg 2+ concentration increased significantly during the first two weeks using the medium with 10% FBS, and beginning from the 16 th day of the experiment release of Mg 2+ ions decreased after each medium renewal (Figure 2a) . Interestingly, when the osteogenic medium was applied, desorption of Mg 2+ ions from HMPM was relatively stable throughout the full length of the experiment (Figure 2b) Table 2 . Phase compositions of the studied biomaterials 4 weeks after setting and hardening.
was detected in both types of media, but the effect was gradually decreased with time, so Mg 2+ concentration in the media systematically increased to approach the control medium ion concentration by the end of the experiment.
The SH biomaterial did not affect the Ca
2+
concentration in the media (Figure 3a and 3b) . The TC-C and TC-MP biomaterials provoked slight sorption of Ca
ions from the osteogenic medium throughout the duration of the experiment (Figure 3b) . Interestingly, when the medium with 10% FBS was applied, the sorption of Ca
ions onto TC-C and TC-MP was relatively stable only for the first 10 days of the experiment, while from the 11 th day on, Ca 2+ uptake was gradually decreased with time; as such, the Ca 2+ concentration finally approached the control medium ion concentration (Figure 3a) . The HMPM and HCM biomaterials caused a slight uptake of Ca 2+ ions in all media throughout the duration of the experiment. The KMC-C biomaterial acted similarly in both types of media, and released extremely large amounts of Ca 2+ ions during the whole period of the experiment (Figure 3c) .
The TC-C and TC-MP biomaterials did not affect HPO 4 2-concentration in the media. The SH biomaterial caused a large increase in HPO 4 2-concentration in all media during the first two days of the experiment, and beginning from the 4 th day HPO 4 2-release was gradually inhibited. The KMC-C biomaterial caused nearly complete sorption of HPO 4 2-ions from both types of media (Figure 4a and 4b) . The HMPM biomaterial released extremely large amounts of HPO 4 2-ions in all media throughout the duration of the experiment. It is worth noting that the highest ion concentration was detected on the second day of the measurements, and then desorption was gradually diminished with time. The HCM biomaterial acted similarly in both types of media. The HPO 4 2-concentration was gradually increased with time and the highest ion concentration was observed on the 8-10 th day of the experiment. From that point on, the effect was gradually decreased with time. Statistical analysis of the results obtained from the long-term experiment is shown in Table 5 .
Evaluation of cytotoxicity
In the present study, MTT and NRU assays were performed to evaluate the cytotoxic effect of biomaterial extracts on a human fetal osteoblast cell line (hFOB 1.19) after a 24-, 48-, and 72-hour exposure. The MTT test revealed that the samples marked as SH, HCM, KMC-C, TC-C and TC-MP significantly reduced the metabolic activity of hFOB cells, and formazan production was gradually decreased with time. HCM and KMC-C extracts were the most cytotoxic (Figure 5a) . After the 72-hour exposure, formazan production was significantly reduced to 3.4% (P < 0.0001) and 10% (P < 0.0001), respectively, compared to the control cells. The NRU assay only partially confirmed the MTT test results. It is worth noting that NRU test did not give statistically significant results. Statistical significance was obtained only after 72-hour incubation with SH, HMPM, and TC-MP extracts, and exposure to HCM and KMC-C extracts gave statistically significant results after 48 and 72 hours. Both NRU and MTT tests revealed that the HCM and KMC-C extracts reduced cell viability with time and possessed the highest degree of cytotoxicity (Figure 5a and 5b) . The NRU test demonstrated that TC-C and TC-MP extracts did not affect cell viability until the third day of the experiment. After the 72-hour exposure, cell viability was slightly reduced to 78% (TC-C) and significantly reduced to 68.6% (P < 0.05) for TC-MP extract, compared to the control cells. The MTT test showed that the amount of formazan produced by hFOB cells exposed to the SH extract for 24 hours was significantly decreased to 65.7% (P < 0.01), and cell metabolic activity was only slightly decreased with time to approximately 53% (P < 0.05) after the 72-hour exposure, compared to the control (Figure 5a) red was relatively high, but after the 72-hour exposure, cell viability was significantly decreased to 59.2% (P < 0.05), compared to the control (Figure 5b) . The MTT assay revealed that the HMPM extract did not affect formazan production by hFOB cells. After the 24-and 48-hour exposures, metabolic activity was approximately 87% compared to the control cells. Marginally statistically significant inhibition of cell metabolic activity was observed after the 72-hour exposure (70.3%, P < 0.01) (Figure 5a) . The NRU test showed that the HMPM extract reduced cell viability to approximately 60-65% throughout the duration of the experiment. Nevertheless, statistically significant results were obtained only after the 72-hour exposure (Figure 5b ).
Discussion
Biomaterial composition and microstructure, as well as chemical constitution of the culture medium play an important role in the modulation of ion release or uptake and protein retention, which are the key factors in cells proliferation and differentiation.
Materials labeled as TC-C and TC-MP were fully converted to hydroxyapatite during incubation in the biological medium as a result of completed hydrolysis of α-TCP. HMPM and KMC-C materials were biphasic after setting and contained two crystalline phases. Besides the struvite phase in the HMPM material, more soluble amorphous magnesium phosphates (impossible to detect by the XRD method) may be formed. Those amorphous magnesium salts are composed of Mg
2+
and HPO 4 2-ions and they may be released into solution during the incubation. KMC-C material is composed of calcium sulfate dihydrate and hydroxyapatite. The phase composition of the most complex material -HCM -consisted of hydroxyapatite, struvite, calcium phosphate dihydrate and little amount of brushite.
To assess the clinical potential of any medical device, a model system, such as a simulated body fluid (SBF) or culture medium, is very often applied in combination with cells [8] . In the present work, we used a tissue culture medium to investigate the ion reactivity of different types of biomaterials that have a potential orthopedic application.
In this study, short-term and long-term ion interaction experiments were conducted to evaluate the ion reactivity of the tested biomaterials. The short-term experiment indicated that HMPM, HCM and KMC-C provoke the highest ion interactions with a serum-containing complete culture medium. A slight decrease in the concentration of divalent ions in the culture medium observed for the TC-C and TC-MP materials may be explained by their microstructure, especially pore size distribution. Creation of empty capillary pore space in the materials may influence their behavior in the medium. A decrease in pore diameter, characteristic for both materials, may result in an increased uptake of ions from the liquid environment. Calcium sulfate dihydrate (CaSO 4 ·2H 2 O) is a calcium-rich and relatively soluble phase. In the case of the material marked as KMC-C, an extremely large increase in the concentration of Ca 2+ ions in the medium was associated with the process of CSD dissolution, whereas an increase in Mg 2+ ions may be assigned to the release of these ions from magnesium-doped carbonated hydroxyapatite (MgCHA). An increase in the concentration of hydrogen phosphate ions observed for TC-MP was probably caused by releasing HPO 4 2-introduced into the material with the liquid phase (0.75 wt.% methylcellulose solution in 2.0 wt.% Na 2 HPO 4 ).
Biomaterial extracts obtained from the short-term experiment were subjected to the MTT and NRU cytotoxicity tests in order to estimate the effect of Ca 2+ , Mg 2+ , and HPO 4 2-concentration changes on cell metabolism and viability in vitro.
The MTT test is considered to be a sensitive quantitative method of evaluating cell viability and proliferation in vitro [14, 15] . Yellow tetrazolium salt (MTT) is reduced to purple formazan in the living cells or cells in early apoptosis cycle with active mitochondrial dehydrogenases [16, 17] . Therefore, it is important to note that changes in cell metabolic activity may cause significant changes in formazan production, despite the constant number of viable cells [18] . The NRU assay is a method of evaluating cell viability and plasma/lysosomal membrane integrity. Neutral red is incorporated into lysosomes of living cells, and therefore an indicator of the proportion of viable cells with an active endocytosis process. The chemicals that damage membranes will decrease the cell's ability to take up neutral red [19] . Our in vitro cytotoxicity tests clearly indicated that the HCM and KMC-C extracts acted as cytotoxic agents and caused significant reduction of cell metabolic activity and cell viability. According to the obtained results, the HCM and KMC-C biomaterials may be considered as highly toxic. It is in agreement with the results of the short-term ion interaction experiment, which demonstrated that the HCM and KMC-C biomaterials cause the greatest ion concentration changes. Interestingly, HMPM, which also provokes great changes in ion concentration in the medium (especially immense increase of HPO 4 2-concentration), appeared to exert a less toxic effect on hFOB cells than other tested materials, and achieved the best results in the MTT test (84%). Therefore, it may be concluded that the increase of Mg 2+ and HPO 4
2-
concentrations does not affect cell metabolism and slightly decreases membrane integrity, thus cell viability.
Concerning the MTT assay, we suggest that the increase of the Ca 2+ concentration to critically high values and the decrease of Mg 2+ concentration to very low values may inhibit cell metabolism. It is necessary to point out that SH used in our experiment as a commercial reference material also caused some changes in the ionic composition of the culture media; however, according to Hannink et al. [13] , in vivo application of the SH material proved its biological safety and effectiveness as bone void filler.
Based on the obtained NRU results, it may be concluded that any critically low or high values of crucial ion concentration in the culture medium may affect the endocytosis process and reduce cell viability. This is in agreement with the data presented by other authors. Malafaya and Reis [9] revealed that a chitosanbased scaffold produced with unsintered hydroxyapatite provoked the uptake of divalent cations to critically low values, thereby affecting cell viability when cultured with the material extracts. Our previous report also proved that various biomaterials provoked different ion reactivity and caused changes in Ca 2+ and Mg 2+ concentrations in the culture medium, which inhibited the metabolism of the cultured cells [20] .
Anchorage-dependent cells, such as osteoblasts, need to adhere to the surface of the biomaterial to maintain their biological function and viability. It is known that cell-biomaterial surface interactions are mediated by cell adhesion receptors, integrins, which require divalent cations to be activated. A critically low concentration of Mg 2+ and Ca 2+ ions may inhibit integrin activation and affect cell adhesion and viability [9] .
Interestingly, according to the available literature, increased levels of calcium ions are considered to promote osteogenic differentiation and mineralization [21, 22] . An et al. demonstrated that increased concentrations of Ca 2+ ions had no effect on proliferation of human dental pulp cells, but led to changes in osteogenic differentiation [21] . Similarly, Jung et al. demonstrated that osteoblast differentiation was enhanced by Ca 2+ released from hydroxyapatite [22] . These findings are contradictory to our observations, which indicate that a large increase in Ca 2+ concentration (the HCM and KMC-C extracts) has a cytotoxic effect on osteoblast cells in vitro.
The long-term ion interaction experiment was performed to estimate the biomaterial ion reactivity that might occur during long-term cell culture experiments. The experiment was carried out using a culture medium supplemented with FBS and a medium additionally supplemented with osteogenic components. The osteogenic medium was used to investigate the influence of osteogenic supplements on the biomaterial ion reactivity. The long-term experiment revealed that HMPM, HCM, and KMC-C induce the highest degree of ion interactions. The experiment demonstrated that the biomaterials marked as HMPM, HCM, TC-C, and TC-MP provoke different ion interactions, depending on applied medium. This indicates that an addition of osteogenic supplements to the growth medium may have an influence on biomaterial behavior. Our observations confirm the results obtained by Gustavsson et al. [8] , who demonstrated that ion reactivity of calcium-deficient hydroxyapatite was dependent on the chemical composition of the pplied medium and the time of exposure.
In this study we tested two types of culture media: DMEM/F12 medium and DMEM/F12 medium supplemented with osteogenic components. We discovered that an addition of some supplements to the basal medium may influence the ion reactivity of the biomaterial. It is important to realize that even slight differences in the chemical composition of physiological fluids between patients may induce various responses of the biomaterial after implantation [8] . Therefore, special attention should be paid to the evaluation of the clinical potential of surface-reactive biomaterials. We suggest applying simplified in vitro model systems that allow for an initial screening of the biomaterial which does not induce great ionic changes in the environment (SBF, medium, physiological fluids) and has a potential application in vivo.
Conclusions
In summary, based on the obtained results, it may be concluded that the biomaterials marked as HMPM, HCM, and KMC-C demonstrate the highest degree of ion reactivity. Moreover, we revealed that chemical composition of the medium has a great influence on the ion interactions between biomaterials and the ionic environment. Ion release, as well as their sorption by biomaterials remaining in contact with the culture medium, change the local environment and influence the behavior of osteoblastic cells. From the ion reactivity point of view, relations between the levels of Ca 2+ , Mg 2+ , and HPO 4 2-, whose values are closely correlated with the local and temporal pH changes influencing cell behavior, were found to be essential. Concerning cytotoxicity test results, we infer that the HMPM biomaterial does not affect cell metabolism, slightly decreases cell viability and is the most appropriate for medical applications. The most cytotoxic biomaterials are the HCM and KMC-C cements which cause the greatest changes in the concentration of crucial ion in the medium.
